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Selective epoxldatlon of olefins. 

Process Is disclosed for the selective epoxldatlon of 
olefins having no allylic hydrogens. Such olefins are contacted 
with an oxygen-containing gas in the presence of a silver 
catalyst and an organic halide under defined reaction condi- 
tions, thereby selectively producing epoxides in good yield. 
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Description 



Selective Epoxldatlon of Olefins 

This invention relates to oxidation reactions, in one aspect, this invention relates to selective oxidation 
reactions for the production of epoxides from olefins. 

chemical compounds whk*. as a resutt of their 
x«r^ nfTnrf.cations Unfortunately, due to the reactivity of epoxides, they are often dfflcutt to prepare with 
S^S^^'m ^^^ is the oniy Safin which has been successfuDy oxid,zed employng 

10 tMK ethane -f -l*- on 

Tl d u 9 .d r9 SefoL W b?deS.a toTSto cataiyticaiiy oddfee oiefins having .onger chair Manges ^than 
ethylene to proS epoxides directly. Such processes would provide large quantrt.es of 
derivaSves Xch would find a wide range of uses, such as for examp e, as pd ^™ SS ^«J! nt8 ' 85 
reactive chemicai intermediates, as precursors for the production of organic solvents, and the like. 

^SeTOThTpSt invention, therefore, is to provide a cataiytic process for the e^ti^^^^ 
olefins having a longer chain length than ethylene to selectively produce epoxides .n high yield 

This wd other objects of the present invention will become apparent from inspection of the detailed 
description and appended claims which follow. 

^SSdS^TwS^esent invention, we have discovered that otefms having no ailylic ^ 
catelSySzed to produce a high selectivity of epoxide derivatives thereof by contacting ^ c^efin feed 
2 m Soen^ntain^ gas in the presence of a silver catalyst and. optionally, an organte haHde. under 
IS^SonlThe practice of the present invention makes possible the selective, large scale 
nrSctionl Ssuch ST^^U compounds as butadiene oxide, t-butyl ethylene oxide, ^"ylfuran 
o£d rS ^SToxy ITketone. employing readily available feedstocks (e.g.. butadiene, t-butyle^ene 
S^^r^nX^ J ketone, respectively). The only other materials consumed dunng the invention 
22ttanTS«2dL^ dSeedstock. are molecular oxygen (and organic haiide when employed). Thus , the 
Km iSEL lT not only economical, but, since the reaction can be run in »e »nt,nuo« mode ft also 
m7e Settle ready preparation of large quantities of these useful chemical compounds In | addrtion. 
canJng^S [ the oxidatio?reaction in the presence of organic haiide gives improved product yield, .ncreased 
catalyst lifetime, and improved catalyst thermal stability. 

^^SSSfSSention, we have deveioped a process for the selective ***** of 
clearing defined structure which comprises contacting the feed olefin with a sufficient quantity of an 
SgSSSS gas so as to maintain the molar ratio of olefin to oxygen in the range of 0.01 u to 20, In the 
ore?ence ofi silver catalyst and, optionally, an organic haiide. at a reaction pressure in the range of 0.1 up to 
lOoJmos^^^ 

structural formula: 

X 
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wherein each R is independently selected from: 

a) hydrogen, 

b) aryl and substituted aryl groups hav 

c) tertiary alkyl groups of the formula: 



60 b) Sffd substituted aryl groups having in the range of 7 up to 20 carbon atoms, 
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where each R' is independently: 
CR§ (CR») n i, or 



where R" is H, C1-C10 alkyl or substituted alkyl, an aryi. or substituted aryi group having 6 up to 20 carbon 
atoms, and n is a whole numberfrorn 0-12; 
d) CRjj-Ccai; ) x -o-, where x is a whole numberfrorn 1-12; 



integer from 0-3, 



where X is 0, S or NR", and m is an integer from 0-3, with the proviso that said olefin have no alMic 
hydrogens and that at least one R-group not be hydrogen. 

Exemplary olefins which satisfy the above structural formula include butadiene, tertiary butylethylene, vinyl 
furan, methyl vinyl ketone, N-vinyl pyrrolldone, and the like. A presently preferred olefin for the use in the 
practive of the present Invention is butadiene because of its ready availability, relatively low cost, and the wide 
range of possible uses for the epoxide reaction produce. 

The epoxides produced by the invention process have the structural formula: 



wherein each R is independently defined as set forth above. Where one or more of the R-groups contain 
carbon-carbon bond unsaturation, further oxidation can be carried out in accordance with the present 
invention, thereby producing polyepoxide products. 

The silver catalyst required for the practice of the present invention can be employed in either supported or 
— unsupported, forms. 

When a support is employed, the loading level of silver on support typically falls within the range of about 0.7 
up to 50 weight percent, calculated as elemental sliver arid based on the total weight of finished catalyst. 
Preferably, the loading level of silver on support falls within the range of about 1 up to 30 weight percent 
elemental silver; with loading levels in the range of about 2 up to 20 weight percent being most preferred. 

It is presently preferred to apply the silver to a solid support for efficient use of the expensive sliver 
component. Typical catalyst supports include 
silica, 
alumina, 
silica-alumina, 
titanium oxide, 
lanthanum oxide, 
magnesium oxide, 
boron nitride, 




f) R!}N— ; 

g) R"S-; 

h) CR$=CR M -eCR»=CR»^ 



where y is an integer from 0-20; or 
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boron carbide, 

silicon nitride, 

silicon carbide, 

zinc oxide, 
5 tin oxide, 

iron oxide, 

calcium oxide, 

barium oxide, 

strontium oxide, 
10 zirconium oxide, 

carbon, 

boron phosphate, 
zirconium phosphate, 

and the like, as well as mixtures of any two or more thereof. 
15 Typically, these sold supports will have a surface area of less than about 50 m 2 /g. Preferred supports will 
have a surface are of less than about 10 rrf/g and will be neutral or moderately basic in character. The 
presently most preferred supports have surface areas of less than about 1 m 2 /g, and include alumina, silica, 

^The S^^ysbal form of the catalyst support Is not particularly important While the form of the catalyst 
20 support has nttle effect on catalyst activity, practical considerations such as ease of heat transfer, mass 
transfer, pressure drop due to fluid flow restriction, efficiency of gas-liquid-solid contacting, catalyst durability, 
and the like make the use of defined shapes such as spheres, pellets, extrudates, rings, saddles, and the like 

^Especially preferred supports are those which have been treated with in the range of 0.001 up to 10 
25 weight o/o, based on the total weight of catalyst, including support, of at least one promoter selected from: 

the salts of alkali metal, 

the oxides of alkali metals, 

the salts of alkaline earth metals, 

the oxides of alkaline earth metal, 
30 organic halides, 

inorganic halides, 

acid halides, or 

elemental halogens. 

Exemplary salts of alkali metals Include sodium nitrate, sodium sulfate, sodium chloride, sodium bromide, 
35 rubidium nitrate, rubidium acetate, lithium sulfate, lithium chloride, cesium nitrate, cesium chloride, cesium 
bromide, and the like; exemplary oxides of alkali metals Include sodium oxide, sodium hydroxide, cesium 
oxide, cesium hydroxide, lithium oxide, lithium hydroxide, and the like; exemplary salts of alkaline earth metals 
include barium nitrate, barium acetate, calcium nitrate, calcium acetate, calcium chloride, and the like; 
exemplary oxides of alkaline earth metals including barium oxide, barium hydroxide, calcium oxide, calcium 
40 hydroxide, and the like; exemplary organic halides employed as catalyst promoter include carbon 
tetrachloride, carbon tetrabromide, chloroform, bromoform, methylene chloride, methylene bromide, ethylene 
dibromide, ethylene dichloride, methyl chloride, methyl bromide, ethyl chloride, ethyl bromide, dlchloropro- 
pane, dichloroethylene, trichloroethylene, vinyl chloride, chlorobenzene, bromobenzene, a-chlorotoluene, 
2-chiorotoluene, and the like; exemplary Inorganic halides include HCI, Hbr, and the like; exemplary acid 
45 halides Include HOCI, HOBr and the like; and the elemental halogens include chlorine, bromine and iodine. 
Those of skill in the art recognize that the above-recited compounds are merely illustrative of the compounds 
which are useful as promoters in the practice of the present invention, and that many other compounds which 
fall within the generic categories set forth above can also be identified and would be expected to also impart 
enhanced activity and/or selectivity to the catalyst employed in the practice of the present invention. 
50 Of the above compounds, the alkal i meta l halide s a re the most preferred ascatalyst promoters, i.e., for_ 

treatment ofcafalysfprior to contactlnglivifh molecular oxygen ancTthe olefin fo~be~oxidizea. Exemplary 

preferred alkali metal halides include cesium chloride, rubidium chloride, potassium chloride, sodium chloride, 
sodium bromide, potassium bromide, rubidium bromide, cesium bromide, and the like. 
Those of skill in the art recognize that catalysts employed In the practice of the present invention can include 
55 additional components which may modify catalyst activity and/or selectivity. Such additives may be 
incorporated into the finished catalyst because their presence aids catalyst preparation, e.g., binders, die 
lubricants, and the like; or additives may be incorporated as extenders to reduce the cost of catalyst 
preparation; or additives may be incorporated to extend the operating ranges for reaction temperature and/or 
pressure; or additives may be incorporated to increase catalyst lifetime under reaction conditions and/or to 
60 modify the amounts of catalyst promoters employed to produce enhanced catalyst activity. It is recognized, of 
course, that some additives (e.g., cesium) are suitably employed in very low levels (i.e., milligrams of additive 
per gram of catalyst); while other additives (I.e., binders, diluents, and the like) are suitably employed at 
significantly higher levels (i.e., as a significant percentage of the total catalyst weight). 
Supported catalysts can be prepared employing techniques well known to those of skill in the art, such as, 
65 for example, by precipitation of the active metals on the support, by impregnation, by coprecipitation of 
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support and active metals, by grinding together solid support and active metaJ(s) in particulate form; and the 
like. When a promoter is also present in the catalyst, the order in which it is incorporated into the catalyst is not 
critical, Le., support can be contacted with a silver source, then promoter; or support can be contacted with 
promoter, then a silver source; or support can be contacted simultaneously with both promoter and a silver 
source; and other such variations. 

Most any source of silver Is suitable for use in preparing the catalyst employed in the practice of the present 
invention. Since a preferred method for preparation of supported catalyst involves impregnation of support 
with a solution of a silver compound, soluble silver compounds are a presently preferred source of silver. 
Exemplaiy compounds are sliver nitrate, silver oxalate, silver acetate, and the like. Those of skill in the art 
recognize that certain organic silver compounds require the addition of ammonia or an amine in order to 
solubilize the organic silver compound in aqueous medium; thus, the use of such solvation-promoting 
additives is contemplated in the practice of the present invention. 

The process of the present invention is carried out by contacting the olefin to be oxidized with molecular 
oxygen and, optionally, an organic halide under oxidation conditions, i.e., in the presence of sufficient 
quantities of an oxygen-containing gas to provide a molar ratio of olefin to oxygen in the range of about 0.01 up 
to 20, and in the presence of 0 up to about 1000 parts per million (by volume of total feed) of organic halide. 
When employed, preferred quantities of organic halide for use in the practice of this optional embodiment of 
the present invention fall within the range of about 1 up to 100 parts per million, by volume of total feed. 

While greater or lesser quantities of molecular oxygen can be employed, sufficient quantities of oxygen 
should be provided to insure that undesirably low levels of olefin conversion do not occur, while excessively 
high oxygen concentrations should be avoided to prevent the formation of explosive mixtures. Similarly, lower 
levels of organic halide will provide negligible effect on catalyst performance, while higher levels of organic 
halide would not be expected to provide any significant improvement in catalyst performance. 

Suitable oxygen-containing gases include air, oxygen-enriched air, substantially purified oxygen, oxygen 
diluted with inert gases such as N2, Ar, CO2, or CH4. and the like. 

Organic halides contemplated by the optional co-feed embodiment of the present invention include 
compounds of the structure R"X, wherein R" is a hydrocarbyl radical or halogenated hydrocarbyl radical 
having In the range of 1 up to 8 carbon atoms, and X is any one of the halogens, preferably chlorine or bromine, 
and wherein contains at least one hydrogen atom which is sufficiently acidic so as to render R'"X capable of 
undergoing dehydrohalogenation under the reaction conditions. Exemplary organic halides include C1 
compounds such as methyl chloride, methyl bromide, methylene chloride, methylene bromide, chloroform and 
bromoform, and the like; C2 compounds such as ethyl chloride, ethyl bromide, dichloroethane, 
dibromoethane, vinyl chloride, dichloroethylene, trichloroethylene, and the like; C3 compounds such as 
dichloropropane, dibromopropane, dichloropropene, dibromopropene, and the like; C4 compounds such as 
chlorobutane, bromobutane, dichlorobutane, dibromobutane, chlorobutene, bromobutene, dichlorobutene, 
dibromobutene, and the like; C5 compounds such as mono-, di-, tri-, tetra- and pentachloropentanes or 
pentenes, mono-, di-, tri-, tetra-, and pentabromopentanes or pentenes, cyclopentylchioride, cyclopentylbro- 
mide, and the like; C$ compounds such as mono-, di-, tri-, tetra-, penta- and hexachlorohexanes or hexenes, 
mono-, di-, tri-, tetra-, penta- and hexabromohexanes or hexenes, cyclohexylchloride, cyclohexylbromide! 
chlorobenzene, bromobenzene, and the like; C7 compounds such as chlorotoluene, bromotoluene, benzyi 
chloride, benzyl bromide, mono-, di-, tri-, tetra-, penta-, hexa- and heptachloroheptanes or heptenes, mono-, 
di-, tri-, tetra-, penta-, hexa-, and heptabromoheptanes or heptenes, chlorocycloheptane, bromocyclohep- 
tane, and the like; Ce compounds such as mono-, di-, tri-, tetra-, penta-, hexa-, hepta- and octachlorooctanes 
or octenes, mono-, di-, tri-, tetra-, penta-, hexa-, hepta-, and octabromooctanes or octenes, and the like; as 
well as mixtures of any two or more thereof. 

When employed, the organic halide can be added to the oxidation reaction zone in a variety of ways. For 
example, it can be mixed with the olefin to be oxidized and/or the oxygen-containing gas prior to contacting 
with the catalyst, or the organic halide can be introduced to the reaction zone separately from the feed olefin 
and/or the oxygen-containing gas. 

Suitable reaction temperatures fall within the range of about 75 up to 325°C. At lower temperatures, the 
reaction proceeds so slowly as to be impractical, while at higher temperatures undesirable levels of 
_ byproducts, e.g,,_carbon dioxide, are obtained. Preferred reaction temperatures falj within the range of about 
125 up to 275°C; with temperatures in the range of about 175 up to 250°C being most preferred because ~ 
selectivity to the desired epoxide falls off at temperatures significantly about 250° C and space-time yields are 
undesirably low at temperatures below about 175°C. 

The reaction pressure can vary within wide ranges, with typical limits of about 0.1 up to 100 atmospheres 
being chosen primarily as a function of safety, handling, equipment and other practical considerations. 
Preferably, reaction pressure is maintained in the range of about 1 up to 30 atmospheres. 

Reaction times suitable for the practice of the present invention can vary within wide ranges. Generally, 
olefin, oxygen, organic halide and catalyst are maintained in contact for a time sufficient to obtain olefin 
conversions per pass In the range of about 0.1 up to 75 mole percent Preferred target olefin conversion levels 
per pass fall within the range of about 1 up to 50 mole percent, while reaction times sufficient to obtain olefin 
conversion per pass In the range of about 5 up to 30 mole percent are presently most preferred for efficient 
utilization of the reactor capacity. 

Those of skill in the art recognize that the actual contact .times required to accomplish the desired 



EP 0 326 392 A1 



0 



15 



20 



3SS&"S8SSiSES3SSS5 

P T^i!TorSc e ess can be carried out In either batch or continuous mode. Continuous reactionis 
*2£X!S*S^m ^ttuSghput and high purity product is obtained in this manner The 
bSSd'TSctorfly employed when high voiume of reactant throughput is not requ,red. for example, 

^For^ntirTus^e 0 "reaction carried out in the gas phase, typical gas hourly space ^mes(GH^ faH 
^c^ 

pSr^^ 

techniauesmCwn by those of skill In the art. For example, where reaction is carried out n *e continuous 
mSr u nSTsSlng material is initially separated from reaction products; and the desired product then 
^.tted fro? me resSg product mixture by distillation, crystallization, extraction, or the like Since the 
7SSSS » tS d^pSSJe product is generally quite high, there are only small amounts of undesired 

^nvM 

25 ™^ 1 ;5gjgg£ by impregnation of support with a solution of a silver compound (and 
nnSSv a oromoteri in 05-2 volumes of solvent relative to the volume of support being treated 
P Ss fo? exampte a 14 J* Ag (as determined by neutron activation analysis) on AbOs support was 
pr^ed b^ £5* digram! if Kodak silver nitrate in 500 mL of die tillec .water Five < 
^~w.Z i auo. 9/18" ' soheres (surface area 0.39 m*/g, total pore volume 0.36 cc(Hg)/gm, median pore 
SSer s£! packing offJS? crush strength 652 pounds, chemical composition (wtVo): 

?,T ^ 1 So, 11 8 FeTos- 0 2 Ti0 2 - 0.1. CaO - 0.4, MgO - 0.4. Na 2 0 - 0.4. K 2 0 - 0.6) were added to the 
3ES£LSf.J^^ 30 minutes at 50°C. then water removed under vacuum at 

|^C^e^£ng pellete were then dried for 30 minutes at120»C in aforced air oven. TWsto^ could be 
rLiJd and I used directly for oxidation of olefin feed or treated with a promoter and then calcined. 
"55 1 TcatSyst SoMand either before or after further treatment with V^^^SSSR 
ootionall calcined in an oxygen-containing atmosphere (air or oxygen-supplemented helium) at about 350 C 
f 5 St 4 hours. Following calcination, all catalysts employed In the following examples were subjected to an 
Sivatton treated at a temperature in the range of about 300-350" C in an atmosphere initafly contejn^out 
S% hydrogen In an Inert carrier such as helium or nitrogen. The hydrogen content of theacttvating 
atmosDhere was Gradually Increased up to a final hydrogen concentration of about 20-25<>/o at a controlled rate 
TtSSSSSSl temperaSre didnot exceedW After the temperature was maintained for about 1 
houVat a hydrogen concentration in the range of about ^^'.^^1^!^, 05 2 
When a Ag/AI 2 Os catalyst was treated with promoter, a quantity of catalyst was contacted wrth 0.5-2 
Jles of aqueous promoter, then dried as previously described. In this way. the catalysts aummanz^n 
TableTwere prepared. Unless otherwise noted in the Table, catalyst support employed was a ' nuidjzabte 
Dowder having a surface area of 0.26 mVg. a total pore volume of 0.675 cc (Hg)/gm. median pora dameter 
19ra pSng 9 density of 0.98 g/cn* and a chemical composition (wt %) aefollows: Al 2 0 3 - 84.7, S.0 2 - 13.4. 
Fe 2 0 3 - 021. Ti0 2 - 0.47. CaO - 021. MgO - 0.12, Na 2 0 - 0.15, KzO - 0.26: 
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Silver was deposited on other supports as well, following the same general procedure as above l Thus .8 M 
Agoni^^ 

g of unjoined ZnO(having a surfaoe area of 3.9 m*/g and a partic e J^eter >nthe «nge of about 75-150u) . 
This material was then dried as described above and is designated as Catalyst CC. 
TltSfsupJorted catalyst was prepared by calcining Ti0 2 (having a surface area of about 05 m*/g a 

JSdianS^^^ 

TOfw^ren slurried in about 10 mL of distilled water, to which was added a solution of ^utlO ^Lof 
Ss^lled^er Sning 73 mg of AgNOs. The combination was thoroughly mbced^ej .dned as described 
above The resulting catalyst, containing about 1.9% Ag, is designated as Catalyst DD 

A hioher Ser loading-mania supporting catalyst was prepared by slurrying 3 g of J10 2 cdcmed as 
described abwe in ^ 15 mL of distilled water then slowly adtfmg to the slurry a solution of 0.26 g of AgN0 3 In 
SounumfoTJistil^ 

w^s added dropwise until no further silver was precipitated upon add.t.on ° f JJI to £ 
supernatant liquid. The resulting catalyst had a silver loading of 5^ and is des gnated Catalyst EE. 

Sum oxide supporting catalyst was prepared by adding 2.0 g * <«^M"o *J S e 7w^ 
in which was dissolved 0 26 g of silver nitrate. The mixture was warmed to ~ 50° C f or ~ 1 hour, then water was 
emo^ on a notary evaporator at a temperature of about 60-70'C, and the sample 

Sri* Iby iadna |in a forced air oven at 120"C for 1 hour. The resulting catalyst is referred to as Catalyst 

FF A silica-supported catalyst was prepared as perthe general procedure set forth above using a silica support 
hali^uTe^ 

silver loading of 5 wt % and is designated as Catalyst QG. 

A barium oxide supported catalyst was prepared as per the general procedure se forth above using a 
bariuroTde support having a surface area of about 1 m*/g and a particle diameter ir ^the range °f about 
XtE. The resting catalyst had a silver loading of 6.3 wt Vo and is debated as Catap HH 

Boron nitride (BN; Catalyst II). silicon nitride (SisN*; Catalyst JJ) and s.i.con carbide (S.C; Caters \ YW 
suDoorted^Stelysts were prepared in accordance with the standard procedure set forth above. In each cas* 
supffw^ 

After soaking for about 30 minutes, water was removed on a rotary evaporator catalyst dned in a 
foreed^^ 

fo 4 hrs. at 350° C in a stream of 20% CV800* He. followed by reduction for 1 hr. at 350 C £ a stean of 20% 
H2/8W0 He. The catalyst designations, supports used and support properties are summarized below. 



Support (surface area) Resulting 5 wt 0/0 Ag 
35 — catalyst 

BN (2.9) II 

Si 3 N 4 (11.9) ^ 

SiC (0.12) KK 



40 



45 



SO 



55 



60 



65 



atmosphere single-pass flow reactor system. The reactor tube was constructed of pyrex and the catalyst 
S SeTJ ?0 1 and 20 0 g) was held In place by means of a pyrex frit. The geometries of ttie reactor and 
caSst S as wellSbed depth were chosen to maintain and measure the true kinetic and catalytic 
SSS Afteraction Gas hourly space velocities for all experiments fell within the range of about 200 up to 
S^JSSShiSZ %St£S* sheathed In stainless stee. was embedded within the catayst bed 

g^rrJrrS^ the diluent He. were added using mass flow controllers which 
peSS f hWaccu4e- end reproducible flow fates of C4H6. 0* and He regardless of pressure changes- 
from the supply cylinders or the reactor system downstream from the controllers. camntinn 
Reaction product analyses (as well as feed composition analyses) were made using an in-hne ^gas samphng 
looplonneS directly to the inlet of a Varian 3760 gas chromatograph Both thermal conductnnty (TC) and 
flarne ionization (Fl) detectors ((connected In series below the packed Chromosorb 101 column (8 a by 2mm 
fdTyr^S^ 

analyses for 0 2 , C0 2 . H 2 0 and HCHO (if present), while the Fl detector was used for orgarnc molecules such 
as K buSene Monoxide, crotonaldehyde, 2.5-dihydrofuran. furan and acrolein. In practice, however. 
usu^V onVthe selective epoxidation product and olefin feedstock were present as organic molecules 
FuXb/me^ 

DnoVSpasSover the catalyst. In this way, quantitative analysis of the feed stream and companson to the 
corresponding data from the reactor effluent were possible, thereby providing very accurate measurements of 
hnSvereionlevels aid product selectivities. Output from both the TC and Fl detectors were .ntegrated 

«*re programmed to give both absolute qu ^"^^"-^ 
AH reacW exit lines were heated and maintained at 125-140°C to prevent product condensation. 
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The GC analysis was performed using the following temperature programming schedule: an initial 
temperature of 100° C was held for 5 minutes, followed by a temperature program rate of + 10°C/min up to a 
final temperature of 200° C which was then held for 7 minutes. The helium GC carrier rate was 20 mL/mln. 

In this example, the effect of silver loading level on feed olefin conversion and product selectivity (based on 
the moles of olefin converted) was investigated. Reaction parameters and results are presented in Table 2. 
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increasing butadiene conversion levels. 

Extmple 2 A v5K promoted catalysts were tested, with reaction parameters and results set forth In Table 
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These results demonstrate that alkali metal and alkaline earth metal compounds increase the rate of 
butadiene monoxide formation and/or increase the selectivity to the desired product (relative to that obtained 
with unpromoted catalyst), with both rate and selectivity frequently being improved. The addition of halogens is 
also shown to be an effective means to increase the selectivity to butadiene monoxide. 

The benefit of these additives is observed to be independent of the silver loading and the nature of the 5 
support employed. 

EXAMPLE 4 - Effect of Various Catalyst Supports 

A series of catalyst evaluations were carried out employing the same experimental setup described in 
Example 2. A variety of supported catalysts, prepared using different catalyst supports, were tested. The w 
reaction parameters and results are set forth in Table 4. 
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These results demonstrate that a variety of supports are effective for the highly selective conversion of 
butadiene to butadiene monoxide. The results also indicate that alumina and silica are the presently preferred 
supports for use in the practice of the present invention. 

EXAMPLE 5 - Selective Epoxidation of a Variety of Olefins 

The same experimental set-up described in Example 2 was employed with t-butylethylene as the olefin feed 
and 1.77 g of Catalyst P (see Table 1). Reaction parameters and results are set forth in Table 5. 
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These results demonstrate that olefins having no ailylic hydrogens, e.g., t-butyi ethylene, can be selectively 
oxidized to the mono-epoxide derivative according to the practice of the present invention. 

EXAMPLE 6 - Effect of Organic Halide Co-Feed 

The effect of the optional use of organic halide co-feeds such as 1,2-dichloroethane on the conversion of 5 
butadiene to butadiene monoxide over a promoted, supported silver catalyst was investigated. 

For these reactions, a new catalyst was prepared by dissolving 132 g of silver nitrate (Kodak) in 300 mL of 
distilled water. To this solution was added 500 g of 1/4" diameter AI2O3 rings (see Table I, footnote 3). The 
mixture was tumbled for 30 minutes at about 50° C, then the bulk water removed under reduced pressure at 
about 60° C. The resulting, preliminarily dried rings were then further dried, while being slowly tumbled for 10 
about two hours at 170°C in a forced air oven. The silver weight loading was determined by neutron activation 
analysis to be about 12 wt 0/0. The resulting material was then calcined as described in Example 1. 

After calcination, a portion of the silver-treated alumina was promoted by adding 200 g of the calcined 
catalyst to a solution of 224 mg CsCl and 32 mg CsNOa in 120 mL of methanol. The rings were agitated in the 
methanol solution for about five minutes, then the bulk methanol was removed by rotary evaporation. The 15 
promoted catalyst was dried as described above at 170°C in a forced air oven, and then activated in a 
hydrogen-containing atmosphere as described in Example 1. The resulting catalyst is composed of 12 wt 0/0 
Ag/Al203 promoted with 1.12 mg CsCI/g catalyst and 0.16 mg CsNOa/g catalyst (for a total promoter level of 
0.99 mg Cs/g catalyst and 0.235 mg Ci/g catalyst. This catalyst Is designated as Catalyst LL 

In similar fashion, Catalyst MM was prepared having a silver loading level of 12 wt 0/0 on alumina rings and 20 
promoted with 0.79 mg Cs/g catalyst and 0.21 mg Ci/g catalyst. 

The oxidation of butadiene was then carried out using Catalysts LL or MM according to the procedure set 
out in Example 2. In addition, organic halide was added via a mass flow controller which delivered a gas stream 
containing 100 parts per million (by volume) of organic halide (helium diluent) to the reactant feed stream. By 
proper selection of flow rate for the 100 ppm organic halide-containing feed as diluted into the 25 
helium/olefin/oxygen feed stream, it was possible to very accurately and reproducibly control the level of 
organic halide in the process feed stream. 

Table 6 illustrates the controlled and reversible effects of co-feeding an organic halide such as 
1,2-dichloroethane to a reaction zone employed for the selective oxidation of butadiene to butadiene 
monoxide. The data are presented in the order in which the experiments were conducted. Reaction product 30 
analyses were conducted after about 60 minutes exposure to each concentration of dichloroethane. 

Table 6 

Catalyst Activity (Catalyst MM) at 250°C for 
Oxidation of Butadiene to Butadiene Monoxide* 



Feed 0/0 Butadiene 0/0 Selectivity, 
Concentration Conversion Butadiene 
of ^ Monoxide 

1,2-Dichlo- 
roethane, ppm 

0 20.4 90.8 

20 16.2 91.0 

5 19.3 91.0 

10 17.5 92.0 

0 21.0 91.0 

•Feed gas ratios: He/butadiene/02 - 4/1/1; gas 
hourly space velocity was about 600 hr 1 . 



40 



45 



50 



The results in Table 6 demonstrate that the effect of organic halide on catalyst performance is reversible. 
Another series of reactions were carried out with dichloroethane co-feed to determine the effect on product 
selectivity of long-term exposure of catalyst to organic halide co-feed. 55 
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Table 7 

Product Selectivity for Butadiene Oxidation at 
250° C with Catalyst LL with Dichloroethane 
- Co-Feed* 



Elapsed 
Time** 



0 
18 
40 
90 
113 
161 



o/o Butadiene 
Conversion 

22.8 
20.6 
18.6 
16.3 
15.2 
13.6 



o/o Selectivity, 
Butadiene 
Monoxide 

93.3 
93.4 
94.3 
94.8 
94.8 
95.1 



•Feed gas ratios: He/butadiene/02 - 4/1/1 ; gas 
hourly space velocity was about 600 hr 1 . 
"Measured in minutes after introduction of 20 
ppm dichloroethane was commenced. . 

The results in Table 7 demonstrate that organic halide co-feed causes an increase in selectivity to the 

d toie^ the stabilfcing effect of organic halide co^eed on ca^yst ^^^^ 

'V.^l™ rarriad out usina catalyst LL at a target reaction temperature of 228°C - one reaction modified oy 

?™d^ 

of Catalyst LL was used for each series of runs. Results are set forth in Table 8. 
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Table 8 



Effect of Organic Halide Co-feed 
on Catalyst Stability* 



A. No Organic Halide Co-feed 



Time on 



Stream, 
min (Rxn. 
Temp. °C)** 


% Conversion 
Butadiene Oxygen 


% Selectivity, 
Butadiene 
Monoxide 


51 


6.4 


• 

5.1 


96.9 


76 


9.0 


5.7 


97.8 


101 


11.0 


7.1 


97.5 


126 


11.6 


7.5 


97.6 


154 


12.7 


8.4 


97.3 


187 


13.3 


8.9 


97.1 


211 


13.4 


8.9 


97.2 


240 


13.7 


9.3 


96.8 


262 (230) 


14.1 


9.4 


97.1 


284 (231) 


14.4 


9.6 


97.1 


307 (233) 


15.3 


10.4 


96.9 


328 (236) 


16.5 


11.6 


96.4 


349 (239) 


17.1 - 


12.2 


96.2 


375 (243) 


18.5 


14.5 


94.7 


401 (256) 


21.5 


22.7 


89.3 


420 (313) 


16.8 


60.8 


39.8 


441 (402) 


12.1 


92.0 


6.7 


460 (422) 


11.2 


92.1 


1.4 



B. Co-feed of 4 ppm 1,2-dichloroe thane (introduced 
after 270 minutes on stream) 



Time on \ Selectivity, 

Stream, % Conversion Butadiene 

min. Butadiene Oxygen Monoxide 



73 7.4 4.6 97.9 

103 9.4 5.9 97.8 

128 11.5 6.3 97.6 

157 12.9 7.7 97.3 

180 13.6 8.8 97.3 

243 T4— 7 10t4 96t4" 

266*** 14.9 10.4 96.4 

292 14.3 10.0 96.5 

324 14.9 10.5 96.3 

351 14.9 10.5 96.3 

377 14.8 10.4 96.4 
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Time on 
Stream, 
min. 



404 
436 
10 464 
491 
514 
537 



15 



20 



25 



Table 8 (Cont'd.) 



t, Conversion 



Butadiene 


Oxvaen 


15.0 


10. B 


14.6 


10.3 


15.0 


10.7 


15.2 


10.7 


14.8 


10.0 


15.2 


10.5 



X Selectivity, 
Butadiene 
Monoxide 

96.2 
96.3 
96.2 
96.3 
96.9 
96.7 



*Feed gas ratios He/butadiene/0 2 - J' 1 ' 1 !,* 88 
hourly space velocity was about 2200 nr * 

**Reaction temperature was 228°C unless noted 
otherwise; temperature excursions are due to 
exothermic reaction resulting from uncontrolled 
rates of reaction. 

***0rganic halide co-feed commenced at 270 minutes on 
stream. 
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several hours on stream the »«^«J?~^»^^£ cata*st bed at the desired 
S££ i?^tr3i^ir seiectvity to the desired epoxide product faiis 

^nSShe results in Table 6B demonstrate the stabilizing effect exerted by organic haMe c^feed 
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Table 9 

Effects of Various Organic Halides on Catalytic 
Activity and Selectivity to Butadiene Monoxide 



To 





urganic 


C* 1 mm mm J 

Elapsed 


X 


Selectivity, 


Run 


Halide,* 


time, 


Butadiene 


Butadiene 


No. 


ppm 


min. 


Conversion 


Monoxide 


1 




0 


12.3 


97 9 

t m mW 




DCP„ 5 


22 


10.3 


98.2 




DCP , 5 


44 


10.1 


98.4 






67 


12.4 


97.8 




— 


85 


13.3 


97.5 


2 




0 


13.3 


97.5 




DOM | JU 


23 


12.6 


97.6 




DCM t 30 


46 


12.4 


97.7 




— 


63 


13.9 


97.7 




— 


80 


14.5 


97.5 


3 


— 


0 


14.5 


97.5 




MC , 30 


17 


14.3 


97.4 




MC, 30 


39 


14.2 


97 3 






56- 


14 7 


97 ? 


4 





0 


15 A 


7D • J 




TCE, 2.5 


18 


11.8 


97.8 




TCE, 2.5 


37 


11.0 


97.9 






61 


13.4 


97.3 




— 


84 


14.6 


97.5 


C 

3 




0 


14.6 


97.5 




DCE, 2.5 


14 


13.9 


97.5 




DCE, 2.5 


37 


14.0 


97.4 




— 


57 


15.1 


97.3 




— 


75 


15.3 


97.1 


6 


__ 


0 


15.3 


97 1 

7 / • £ 




VC, 30 


33 


14.7 


97 0 






38 


15.7 


96 9 

7w • 7 


7 




0 


14.0 


96.3 




VB, 5 


34 


12.0 


96.9 






57 


12.9 


96.5 






112 


13.7 


96.3 


8 




0 


13.7 


96.3 




EB, 5 


10 


7.3 


97.8 






38 


12.7 


96.5 






95 


13.4 


96.2 



31 



EP 0326392 A1 



Table 9 (Cont'd) 



10 



15 



20 



25 



Run 
No. 

9 



*DCP 
DCM 
MC 
TCE 
DCE 
VC 
VB 
EB 
DBE 



Organic 
Halide,* 



DBE, 5 
DBE, 5 



Elapsed 
time, 
min. 

0 
37 
60 
82 
163 



Butadiene 
Conversion 

13.4 

9.8 

9.4 
10.8 
11.3 



1 , 2-dichloropropane 
dichlorome thane 
methyl chloride • 
trichloroethylene 
1 , 2-dichloroethylene 
vinyl chloride 
vinyl bromide 
ethyl bromide 
1 , 2-dibromoe thane 



Selectivity, 
Butadiene 
Monoxide 

96.2 
96.6 
97.3 
96.5 
96.1 
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For each organic HaT.de ^g^ 
selectivity to butadiene mono)dde)WB« JJKSJKSK i "O" time points (designated 
halide co-feed has been stopped. Thus, ^Vf^^^^J^^ t0 introduction of organic halide 
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~* ii+ Qra *tira ft a "Oxidation of butadiene with Ag20 at 551°K 
These results confirm the suggestions of theKerature e^., ^dehyde.' [Bull. Chem. Soc, 

sue* OS f^vre^TSSi^S ££5 £5m SS^JZtto soggooooos 0.*. M 
*«*» opotfdtad. Wh.n no fto^SSJ P^SS =on»^sion««s ooloutottd 

scop© of patent protection desired and sought 



Claims 

1 m a ^ aee fnr th ft selective eooxiuouon of olefins having the structure: 



X 



40 



wherein each R is independently selected from: 

S^ 9 d 6 !ubstituted aryl groups having In the range of 7 up to 20 carbon atoms, 
45 c) tertiary alkyt groups of formula: 



--50- 



where each R' is independently: 
R" O 
ss CR«^(CRp n -C-, or 



9 

where R" l& C1-C10 aJkyl or substituted alkyl. an aryl or substituted aryl group having 6 up to 20 oarbon 
eo atoms, and n is a whole number from 0-12; 

d) CR3~(CRp x -0-, where x is a whole number from 1-12; 

e) Q 
R"N-C- ; 



"2" 
I- 

65 ff R n S- ; 



RJN- ; 
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g) R"S-; 

h) CR^=CR"fCR"=CR"t y . where y Is an integer from 0-20; or 



• X* 

>£ v 



10 



where X is 0, S or NR" ; and m is an integer from 0-3, 

with the proviso that said olefin have no allyiic hydrogens and that at least one R-group not be hydrogen; 
said process comprising contacting said olefin with a sufficient quantity of an oxygen-containing gas so 15 
as to maintain the. molar ratio of olefin to oxygen in the range of 0.01 up to 20, in the presence of a 
silver-containing catalyst and from 0 up to 1000 ppm (by volume of total feed) of an organic halide having 
the structure R"% wherein R m is a hydrocarbyl or halogenated hydrocarbyt radical having in the range of 1 
up to 8 carbon atoms, and X is any one of the halogens, at a pressure in the range of 0.1 up to 100 
atmospheres, at a temperature in the range of 75 up to 325° C for a time sufficient to obtain olefin 20 
conversions In the range of 0.1 up to 75<Vb. 

2. A process In accordance with Claim 1 wherein said silver catalyst is a supported silver catalyst 
comprising in the range of 0.1 up to 75 weight % elemental silver. 

3. A process in accordance with Claim 2 wherein said supported silver catalyst is supported on an 
inorganic support having a surface area no greater than about 50 m 2 /g, 25 

4. A process in accordance with claim 3 wherein said inorganic support is selected from: 
silica, 

alumina, 
silica-alumina, 

titanium oxide, 30 
lanthanum oxide, 
magnesium oxide, 
boron nitride, 
boron carbide, 

silicon nitride, 35 
silicon carbide, 
zinc oxide, 
tin oxide, 
iron oxide, 

calcium oxide, 40 

barium oxide, 

strontium oxide, 

zirconium oxide, 

carbon, 

boron phosphate, 45 

zirconium phosphate, 

or mixtures of any two or more thereof. 

5. A process in accordance with Claim 2 wherein said sliver catalyst further comprises in the range of 
0.001 up to 10 weight %, based on the total weight of catalyst, including support, of at least one promoter 
selected from: so 
the salts of alkali metals, 

ttieoxides of alkali metals; — 

the salts of alkaline earth metals, 
the oxides of alkaline earth metals, 

organic halides, 55 
inorganic halides, 
acid halides, or 
elemental halogens, 

as well as mixtures of any two or more thereof. 

6. A process in accordance with Claim 5 wherein said promoter is a halide salt of an alkali metal or a 60 
mixture of a halide salt and a nitrate salt of an alkali metal. 

7. A process in accordance with Claim 1 wherein said olefin is selected from: 
butadiene, 

tertiarybutyl ethylene, 

vinyl furan, 65 
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10 



15 



20 



25 



30 



40 



methyl vinyl ketone, or 
N-vinyl pyrrolidone, 

ttlZ "JSSSSVXSSS^ *. - -» — -* ~ - — 

Sumtaasupport having a surface area of less than about 10 m*/g ; 
whereSdwelght percentages are based on the total weight of catalyst. 
9 A prSe3accordanc7with Claim 7 wherein said silver catalyst compnses: 

an alumina support having a surface area of less 

t 6 T P ^?» - selected from ceslu. 

TCSn^ said contacting Is carried out at a tempe^re in the 

ratlge S Tout ?75 up to 250'C. at a pressure in the range of about 1 up to 30 atmospheres for a time 

« SSSt 17^To 250-C. at a pressure in the range of abut 1 up to 30 atmospheres for a time 
sufflcientto obtain olefin conversions in the range of about 1 up to 50Wo. nrQCQnrfi of 

S A process in accordance with Claim 1 wherein said contracting is carried out In the presence of at 

*?6 A ^ci h sTicordanoe with Claim 13 wherein said organio halide is co-fed to the reaction zone in 
admixture with the olefin to be oxidized and/or the oxygen-oontaining gas. 

17 A process in accordance with Claim 13 wherein said organjc halide is fed to the reaction zone 
independently of the introduction of the olefin to be oxidized. _, ar . +aH frftm . 

1 18 ^ A process in accordance with Claim 1 wherein said oxygen-contaming gas is selected from. 



45 air, 

inert gas diluted air, 
inert gas diluted oxygen, 
oxygen-enriched air, or 
substantially purified oxygen. 
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